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B» problem of iVtorage >f Pacify and. other grains has assumed aariotM 

proportions or. Sri Lanlia as in many other Asian countries, as a result 
of the prodigious incnsuoes in production over the past few years-. 
Traditional systems- cf grain storage have been gradually phased out with 
increasing Government intervention in the grain business. One rw y 
important method of significantly alleviating the storage problem is to 
have farmers store their grain for as lc" ; as possible. This is auto¬ 
matic in a tree market since the cost of storage and compensation for 
any losses is more than balanced by the increase in prices obtained a 
few months after harvest. At the present time, with a guaranteed prioe 
and a guarantee of purchase by Government, no farmer will consider it 
worth his while to invest in, and operate storage for grain exoept for 
his own use or for Beed purposes. The policies declared "by the present 
Government tend to indicate a gradual movement of Paddy industry into 
a growing free market, and it is timely that farm level storage deve¬ 
lopment should be undertaken so that the technology is ready when needed* 
The "Bissa“ is a proven and age-old method of storage and this study ia 
the first step towards developing a technology tha+ would suit the farmers 
needs. It is a structure of watule arc daub with straw roof and is fond 
in one from or another in many Asian countries and in Africa. The struc¬ 
ture costs practically nothing to the farmer besides his own labour, and 
future vrork on the application of m^uurn technology to this basic struo* 
twre will involve mainly operational aspects. Further work on this and 
other indigeniouB structures is continuing and will be reported in due 
course. 

V ,E» A. Uikramanayake 

Manager 

28th April 1978. Hice Processing Development Centre* 
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ETALUafllOB OP THE "BISSA^-AN DTOIGENOUS STORAGE BIN 
by 

K.B. Pelipane* 

iamoBUcnoH 

Ibo need for storage arises because harvests are seasonal suiters 

taint their food at a fairly constant rate through-out the year. A regular 
supply of food for daily consumption cm only be assured and Maintained 
through storage. 

In Sri Ianka, only of the total production of paddy is available as 
marketable surplus and the regaining 6o£ is hold by the farmers for reed, 
wage S'and oonaoeption. Suways conducted by international organisations 
like F.A.O have revealed that the major loss in the post harvest operation 
ooonr| only in storage, particularly at the fan level due to improper 
and in a di quate storage facilities. Improving and popularising fare' 
leveiv storage say not only help in reducing these leases but alao help. 
in cnf$rcoming the storage problem now the country is facing at commercial 
level. In this contort, the significance of a complete evaluation of the 
alrtWy existing fan level permanent storage structures whioh era 
ooEhtructed by ton locally available material and the teohnioal know¬ 
how df it i» known by our farmers, hardly needs emphasis. 

"Ihe Biasa" is a traditional storage structure urced by farmers 
■ain^ in the districts of inuradhapura, Folonnamva, Kurunegala 
and to a leaser extent in all the other districts of Sri Lanka. It 
is a\permanent storage structure, build in the open air normally close 
to §|e farmer** residence. It is constructed in various sizes and 
the capacities varie from •§■ ton (25 bushels) to 10 tons (500 bushels), 

Vte p|torial required for its construction could be easily obtained in 
the Ullage and the design and operation of it is traditionally known 
by Elmars. Various types of the structure are constructed in different 
areeqwhioh differ slightly in the shape, material used for oonstruotlon, 
but the basio structural features from point of view of storage remains 
the fpee in all types. 

* Research Offioer - Hioe Processing Development Centre, inuradhapura. 
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The evaluation was based on : 

a) A complete study of a "Bissa" constructed in the HFDC premises at 
Anuradhapura in which paddy was stored for a period of 6 months. 

b) Information obtained from farmers who use "the Bisea" for paddy 
storage. 

A most common type of "Bissa" of capacity 5 tons was 
constructed in the open air, away from buildings, by a villager who 
had previous experience in construction. Detailed sketches were drawn 
of ever;'- stage of construction and the total labour input, material 
input for construction and their costs were recorded. 

After oompletion of construction, the structure was 
allowed to dry for 3 months before loading with paddy. Freshly har¬ 
vested paddy belonging to the variety BG 11-11 was given the following 
treatments before storing in the structure. 

i Sent through a scalper cleaner to remove sand, atones, chaff and 
dust. 

ii Snadried for 6 hours to bring down the moisture content from 1 6f> 
te 12.556 

Before loading into the structure the paddy was weight 
accurately using a platform balance. Photographs were taken during 
the loading operation and the labour input for loading, any problems 
encountered during the operation were recorded. Ihe structure was filled 
to 2/3 rde its ortpaoity only in order to have enough space at the top 
tot drawing out samples and for temperature measurements. 

The paday was kept in storaga for a period of six months. 
Itarittg this period representative samples were drawn out every fortnight 
using a double tube grain probe of length 5 ft. Ihe initial and the 
final samples were taken before loading and after unloading the paddy, 
ft* samples were analysed in the laboratory to determine the following t 

a. Moisture content s- This was determined as soon as the sample 
was dream out using a Qatake moisture meter. 

0 . Test weight with & without impurities*- was determined in the 
Toledo grain balance which has a scale on whioh the bushel 
weight in pounds can be direotly read off by weighing one 
pint of paddy. 
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c, Moohanioally damaged grains (percent by weight):- 

A representative Gample of 50 grans was examined visually, 
broken grains and grains with the husk layer partially or 
completely removed were separated by hand and weighed using 
a gram balance. 

d. Immature, empty A partly filled grains (persent by might)*"* 
This was determined on a 50 g. sample of poddy, and on a 50 

g. sample of head rioe. Sample was examined visually, immature 
empty A partly filled grains were separated by hand A weighed 
using a gram balance. 

«. Fungal damaged grains (percent by weight):- 

A representative sample of 50 g. of paddy A 50 g. of ' 
rioe was examined visually, grains showing fungal growth on 
the surface A dark spots accompanied with largo extents of 
ohalhyness were operated by hand & weighed using a gram 
balanoe. 

f. Chalky A brittle grains (percent by weight ):- 

These grains were examined visually in 50 g. of head rice 
separated by hand A weighed using a gram balanoe. 

g. Nadi drains «— 

These are grains which appear dark in oolour due to wetting 
A subsequent temperature built up. These grains wore separated 
visually in 50 g. of head rice, separated by hand and weighed 
using a gram balance. 

h. Stress crooked, grains (percent by count) }- 

Orains that show fractures in the bran coate and endosperm 
were separated by examining through a crack detector in a 
representative sample of 500 grains, and counted, 
i* Insect Damaged grains s- 

In a small representative sample the insect damaged grains 
were separated from good grains. The number and the weight 
of damaged grains and good grains were found separately in 
order to determine the following. 

i* Percentage insect damaged grains by number 
ii. The percentage weight loss due to insect damage 
j. Sprouted grains »- 

drains that are sprouted were separated in a 50 g. represen¬ 
tative sample and the percentage calculated. 


k. Milling Quality *- 

Sample milling was done using 175 g. of paddy* The paddy 
was dehusked using a laboratory Satake rubber roll huller. 

The brown rice was weighed and given a 4.5 $ jk 0.5 polish 
using a Mo-gill miller Hb.1. Hilled rice was weighed. (Total 
milling yield). This was next separated into head grain and 
broken grain using laboratory grader and weighed separately* 
‘The total milling yield and the head rioe yield was calculated 
aa a percentage of the Reddy while the amount of broken grains 
was calculated as a percentage of the total milled rice* 

During the storage period of 6 months, temperature of the 
grain mass was measured every fortnight using an Electronic thermometer 
having a temperature probe, at the top canter, middle center, bottom center 
and ’sides (6 N away from the wall). 

Throughout the Btorage period oloee observations were 
madf on Termite activity. Rodent activity, and bird aotivity# Records 
were kept an the condition, any repairs done, on the structure. 

At the end of 6 months In storage the paddy was unloaded 
from the structure end weighed using a platform balance. labour, time 
requirement for unloading and any problems encounted during this operation 
warjp recorded. 

The date of loading with paddy was 14 September 1977* The 
date of.unloading was 17 Noroh 1978. These dates were selected so that 
tho period of experimentation coincided with north east monsoonal rains* 
(Mahf Season). 

Apart from the above study the evaluation was also based 
on information obtained from farmers in the distrlots of Anuradhapura and 
Kurunegalle, who use the Bissa for storage of paddy. For this purpose a 
fie|d information sheet was prepared (annexure l) and the fanners were 
interviewed by visiting their homes. 



She study findings are presen ad under the following headings 

1 Construction 

2 Loading and Unloading 

3 Performance of the structure 

4 Strength and Durability of the struoture 

5 Cost of storage 

6 Storage of other grains 

7 Variations of the structure 

1. Construction s 

figs t 2,3, show 'tbs external appearence of the completed struoture 
gt capacity 5 tons, The main stages of construction were as follows: 

A Construction of the wooden floor, whioh is raised 
above ground by four wooden pillars 
*3, Construction of the wooden framework of the circular 
wall ' 

C Erecting the 4 vertioal supporting posts of the 
circular wall 

S Construction of the wooden framework of the roof 
E Plastering the upper surface of the floor, the 
inside and outside of the wall framewo.dc with 
mud 

F Placing the roof on the structure and covering 
with straws. 

fig. 4 gives the dimensions of the wooden framework of the floor and 
the wall, and also the dimensions and the kind of timber used for its 
Construction. Fig. 5 shows the wooden framework of the roof, the 
|3nd of timber used and dimensions, Fig. 6 shows the cross section of 
the completed wall and Pig. 7 is the elevation of the completed struc¬ 
ture showing its dimensions. 

■ floor x- 

4 hard wood called "Ehela", which lias a high resistance to decay and 
termite attack, was used for the 4 posts which elevatee tbi floor above 
{round level by one foot (Fig. 4)« The floor web made of timber posts 
D.5 inches placed horizontally, close to each other, on the 4 legs. 

She upper surface of which was plastered with mod to a thiokness of 3 ipchos. 
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Wall 

The vertical wooden posts (diameter 2 inches) of the circular wall were 
heat slightly outwards in the middle and held in this position toy three 
jungle creepers (called "Eraminiya Wal") tied firmly to the posts toy 
coir rope at the middle, bottom and top (Fig.4), Due to this the dia¬ 
meter of the wall was more toy 22 inches at the middle than at the top 
and bottom giving a spherical appearence to the structure. The advan¬ 
tages of a structure of this shape are 

f a. Since the vertical reinforcements are already deflected there 
will be no further deflection of them to cause crackB in the 
clay layers, when a load is imported on the wall* 

to. Since the lower part of the wall is of a smaller diameter, this 
area will toe less exposed to direct rdins by the roof than in a 
structure having a larger diameter in the lower parts. 

The advantages of making the structure cylindrical and not square is 
that for the same cross sectional area the perimeter of'a circular bin 
ip very much less than the perimeter of a square bin. Therefore a 
Cylindrical structure is always leaner to construct. Also since the 
lateral pressure exerted by the grain, mass is uniformly distributed on 
the wall, the strength of the wall at all points of the perimeter oan 
be the same unlike in a square bin where at certain parts of the wall 
3 greater pressure is exerted toy the grain mass and more reinforcement 
is required, which means, a circular bin is easier to fabricate. 

Mud plastering of the wall and top surface of the floor was done twloe jhat 
is after the 1st plastering it was allowed to dry and then plastered 
again to fill all cracks whioh have appeared. Finally the inside and 
outside of wall and the floor were coated with dissolved cow dung and 
allowed to dry (Fig.6) 

Hoof 

The diameter of the Jungle creeper in the roof framework (Fig.5) is 
Slightly less than the diameter of the upper edge of the wall so that 
it fits into the wall and prevent displacement of the roof. In covering 
the roof, bundles of straw were placed overlapping one another, starting 
from the outer diameter and going up to the center. 

Supporting pillars s— 

The function of the 4 supporting posts (diameter 6") of the cylindrical 
wall (Fig.2) is to prevent the structure from displacement due to loads 
imposed toy the grain mass and loads imposed by rain and wind. 
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The labour, material inputs and. the oost of construction of the 
5 ton Bissa is given below s- 

(a) Material inputs : 


Material 

Qty 

•Cost 

as.ots 

Coir rope 

10 lbs 

20.00 

Wooden posts L10' D6 ,f (Satin wood) 

6 

210.00 

Wooden posts 14' D7" 

(Satin wood or liela) 

4 

60.00 

Wooden posts L8* D5" (Weera) 

20 

120.00 

Wooden posts L8* D2^ (Weera) 

48 

72.00 

Wooden sticks L6» D& u -1" (Jungle sticks) 


30.00 

Jungle Creepers LI00* (Erarainiya) 


10.00 



535.00 


* Cost of material was calculated on the current market prices. 


(b) Labour inputs 



Operation 

labour input 
man hours 

Coat @ 
1.09 At 

a. 

Slicing timber,cutting posts, 


b. 

drilling holes oh the ground 
Erecting posts and construction 

32 

34.88 

o. 

of the floor of the Bissa 

Cutting sticks and constructing 

16 

17.44 


-the frame of the wall 

48 

52.32 

d. 

1st clay plastering of the wall 

32 

34.88 

e. 

2nd clay plastering of the wall 

16 

17.44 

f. 

Coating the wall with cow dung 

8 

8.72 

s* 

Constructing the frame of the roof 

8 

8.72 

h. 

Covering the roof with straw 

4 

4.36 

178.76 


• The total cost of construction » 713.00 

From the information obtained from farmers it was found that almost all 
of them have obtained the material required for construction from the 
jpngles, free of charge, and also family labour had been utilized for 
Construction, .which means, the above cost analysis is subjected to 
Wfide variation from place to place with the availability and price 
paid for labour and material inputs for fabrication. 
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2. Loading and Ohloading :- 

Both loading and unloading was done by lifting the roof from one aid# 

(Fig. 8) so that a space of about 2 ft. waB created between the wall and 
the roof, through which paddy was filled in or taken out in baskets. 

The loading operation was performed by two men, while for unloading 
three men were required, where one had to get inside the structure and 
give out the paddy. 

A serious problem encountered in these operations was that, when 
lifting the .roof it tend to shift from the original position due to 
which damage can be caused to the roof structure. 

The labour requirement and the cost of loading and unloading of paddy 
in the 5 ton capacity Eissa is given below. 

Loading operation j- 

labour requirment to load 1 ton 
Cost of loading/ton (@ Rs.1.09/man hour) 

Unloading operation:- 

labour requirement i- to unload 1 ton from- 

upper half of the grain mass ■ 6.65 nan hours 

Cost (@ Rs.1>.09/man hour . ) * Rs.7.25 r 

labour requirement to unload 1 ton from- 

lower half of the grain mass = 7*37 man hours 

Cost (® Rs. 1.09/Man hour) » Rs.8.03 

The average cost of unloading per ton « Rs.7.64 

Following additional information was obtained from the farmers, with 
regard to loading and unloading operations. 

a. These operations are performed by utilising family labour, 
therefore no cost is incurred. 

b. Loading is done once or twice a year after the harvesting 
seasons, While unloading is done every week or .fortnight 
because most of the paddy stored in, i3 used for consumption. 
The quality taken out at a time yaries from 1-2 bushels. 

c. Since farmers own much smaller structures, mostly of capacities 
below 2 tons, the problem of the difficulty in lifting the 
roof and also the shifting of the roof while lifting i3 

not encountered. 


» 2.94 man hours 
* Rs. 3.20 
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3. Per formanc e of the structure 

Table 1 gives quality changes of paddy during the storage period of six 

months: 

a. Moisture migration The moisture content of the grain has 
increased from 12 . 7 $' to the equilibrium moisture content of 
14 . 2 $ during the 1 st two weeks of storage and there after 
remained alsost uniform except for slight changes, which may be 
due to the change in the relative humidity of the atmosphere. 

This shows that the structure was completely weather tight even 
during heavy N.E. monsoonal rains in Anuradhapxtra. Also since 
the floor iB raised above ground, there was no possibility of 
ground water to come in contact with the paddy. But still the 
moisture content of the grain throughout the storage period was 
above the “Critical Moisture Content" of paddy (I4«2$.) 1 whe& 
microorganism and insects are fully activated to bring about 
deterioration, 

b. Temperature changes Table 2 gives the temperature of the 
grain mass at various places during the storage period of 6 - 
months. The temperature of the grain mass never went more than 
1-2°C above the ambient temperature up to 4 months of storage, 
showing that no hot spotB to indicate rapid deterioration of 
grain ware developed. Except during the last 2 months, when the 
temperature changes of the grain close to the wall rose by 
about 4°C. The reason wan later found out to be due to wetting, 
followed by fungal invasion of grain close to the wall (about 2 "- 
from the wall ) because of termite activity and nesting in the 
wall. From the readingcof table 2,graphs were drawn to show ' 
the changes in the temperature of the grain mass with the ambiant 
temperature. (Figl). Touring the first fifteen days the temperature 
rose rapidly. This was expected because when freshly harvested 
grain is stored there is a initial rise in temperature which can 

go up to even 7°C above the ambient temperature 2 . - After the 
45 th day the temperature remained almost ocaetant throughout even 
though the ambient temperature f luctuated^ very much showing that 
- the wall and roof meterial resist heat flow in and out of the 

structure. Still, a favourable average temperature of about 32°C 
existed in the grain throughout the storage to active the chemical 
(respiration), biological (microorganisms and insects) variables 
of deterioration. 

A main defect of this sturucture is.that it has no facilities 
for aeration to bring down temperature rises. 
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c* Parity of the Grain:— Hie percentage irapurties in the grain 
haB remained constant at 0 . 5 $ during storage (table 1 ) until 
the paddy was taken out of the structure, when the percentage 
was increased by 0 . 2 $ . Hi is was due to the Bcraping of the 
wall when collecting paddy and minute clay partioals getting 
contaminated with paddy. 

d. Stress cracks in the grains After 105 days of storage there 

had been a marked increase in the $ stress cracked grains (table l) 
this may indicate that with changes in the diurnal humidity,there 
had been unequal moiBture gradients produced within the grains 
creating a stress within the endosperm for grains to crack^. 

e« Mechanically damaged grains There was no change in the $ 

mechanically damaged grains showing that, during the loading and 
unloading operation and also during storage, no mechanical damage 
was caused to the grains, 

f. Sprouting j- No sprouting of the grain occured during the 
storage period (table 1). Showing that the grains never got 
wet; in other words the moisture content never exceeded the 
roaxtraum possible equlibriura moisture content of 30 - 36 $ to 
cause sprouting . 4 

g. InBeet Activity There wa 3 a continous increase in the 
percentage of insect damaged grains with storage (table 1 ) 
reaching 0.6$ at the end of 6 months. The weight Ioes due to 
insect damage was 1 $ after 6 months. The extent of damage was 
more marked after the 3rd month. At the rate of 89 cents a 
pound of paddy, a 1 $ loss cannot be considered as an economic 
damage, and adapting any chemical pest controlling practices 
may be uneconomical. 

If a serious insect infestatidh is encountered, fumigation of 
the grain could be done easily. Because by keeping a polythene 
sheet in between the roof and the upper edge of the wall on 
which the roof rests, the structure can be made air tight. 

Hie insects observed were Sitoteroga Cerealla (Paddy Store 
moth), Sitophilos oryzae (Rice Weevil) and Rhizopertha dominica 
(Paddy store 2eetle). 

It was found that some farmers adapt chemical insect controlling 
practices like spraying malathion on the grain mass or adding 
3.H.C. dust once a month. According, to them, the cost incurred- 
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p«r application was one ruppee (average) per 1 ton of paddy. But 
the majority of the farmers do not adapt any peet controlling 
practices because according to them, the damage due to insect 
attack is negligible, if clean dry paddy is stored in the 
structure. 

h. Hold activity There was only a slight increase in fungal 
damaged grains (Q.3/0 during the 1st 4 months of storage but during 
the last T|- months a marked increase was observed, (table l). 

At the end of six months the increase was 1,5/1. This was due to 
active mold growth in the grain close to the wall (T|- inches from 
the wall), at certain places, whose moisture content went upto . 

20^ due to termite activity. 

i. Rodent activity No rodent activity or damage was observed 

during the storage period of six months. Still the structure 
oannot be considered as rodent proof because rats can climb along 
the four vertical support posts of the wall, also along the legs 
of the structure and reach the grain through the straw covered 
roof. Some farmers who were interviewed, complained about rodent 
damage. They overoome this problem to some, extent by keeping 
traps inside the structure. 

j. Termite Activity:-.. .This was a serious problem encountered during 
the experiment* : Termites damaged the wall by building nests on 

the inner surface... The source of infestation was traced to the 
ground, from where they have climbed along the wooden legs of the 
'Structure and tunneled into the wall* The moisture content of 
■' the. grain in the vicinity of the neats (1-T& inches from the wall) 

' was 20£ and the grains were brittle and chalky with white mold 
growth of the surfaces. The extent of damage to the grains due 
to this was about (tab^le 1). All the farmers who were inter¬ 
viewed w.ere aware that the structure is prove to termite attack. 
They overcome this problem as follows 

a) A layer of commen salt is sprinkled round the posts in contact 
with the soil so that termites cann't reach them. 

b) Keeping the ground close to the structure clean and observing 
constantly for termite activity in order to destroy any termite 
paths built. 

k. Bird activity No bird activity or damage was observed in the 
grain during the storage pKiod of six months. The structure there¬ 
fore can be called as ''completely bipd proof". 
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During the first two months after completion of construction when 
the straw covering of the roof was still new, birds started picking 
the straw causing very slight damage to the roof. Later as the 
straw got old and settled, this problem was not encountered. 

There was no way to overcome this problem.except to rearrange or 
replace the straw to cover the thinned out areas. 

l. Hilling quality s- After 56 months in storage, there was a reduction 
in the total milling yield by 1$. The head rice yield was reduced 
hy 11.5# (table 1), This can be expected because of the increase 
in the number of stress cracked grains^. 

m. Test weight s- From the readings of table 1, the weight per bushel 
at 14# moisture was computed (table 3). At the end of 6 months in 
storage there wg,s a loss of 1.8 lbs. in the Bushel weight. 

n. Weight ohanges Ihble 4 gives the initial weight of the paddy, 

the weight after 6 months in storage and the respective moisture 
contents of the grain. There was a apparent increase in weight 

of 102.50 lbs. The increase in weight due to the change in moisture 
content from 12.7# to 15 $ is 2.71#, that is 183.33 lbs. Therefore 
there had been a dry matter loss-of 80,83 lbs, or 1.2# after 6— 
months in storage. At tho rate of 89 cts/lb of paddy, the loss 
incuaed by storing 1 ton of paddy for 6 months Will be about Re.24/= 
which is quite negligible compared to the value of a ton of paddy, 
which come to Rs.1993.60 

Summarising the above findings with respect to performance, it is clear 
if precautions are taken to prevent termite damage and Rodent damage, 
the structure can store paddy without any significant deteriox-ative losses 
upto a period of six months, (which is the normal storage period required 
by our farmers). But since no aeration facilities are provided, storage 
of high moisture paddy will not be possible. 

From the information obtained from farmers it was found that some keep 
paddy even upto 1 year without many noticeable damage. 

Erom the date of completion of construction until the paddy was taken out 
(9 months) no repairs were done on the structure. 

After the paddy was unloaded following repairs had to be done to make 
the structure suitable for loading with paddy once again. 


Strength and Durability of the structure 
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Nature of Repair 

Material 

inputs 

labour inputs 
man hours 

Material 

cost 

(Ks.) 

labour 
cost (@ 

1.09/m.h 

Total 

cost 

Covering the roof 
with new straw 

50 bund¬ 
less of 
straw 

4 

4.00 

4.36 

8.36 

Breaking termit 
nests in the wall 
& replastering 
with mud 

clay soil 

8 

nil 

8.72 . 

8.72 


Coating -the inner 
-3a outer surface e 
of the mil with 
a thin layer of 
mud 


clay soil 16 

A 


nil 17.44 17.44 


TOTAL COST 34.52 


fee'above cost would have reduced by Rs.8.?2 if precautions were taken 
to prevent termites from reaching the structure. 

Information obtained from fanners revealed that, once a year the roof 
has to be covered with new straw and replastering with a thin layer of 
mud to cover any cracks, which have appeared should be done to keep the 
structure in sound shape. They incur no cost for these repairs because 
material is obtained free of charge at village level and family labour is 
utilized* According to them a ''Bissa"if maintained properly will last for 
over fifty years. 

The loads imposed by paddy on the wall and floor of a 5 ton capacity Bissa 
is as follows. 

A) lateral pressure imposed on the wall 
' Assumptions - a. Angle of Repose of Paddy » / * 36° . 

b. Specific weight of paddy = (w) ■ 36° 

c. Structure is loaded to full capacity 
Applying Rankine»s Equation 

L - Wh ( 1-Sin 4 ) 

( 1+Sin ft) 

Where - L * Lateral pressure (Force/unit area) 

W « Grain specific weight (Weight/unit volume) 

i ~ Angle of Repose of paddy 
h = Depth of grain (ft.) 

The pressure at anypoint on the center perimeter 

- 35»9<5 lbs/sq.ft. 

The pressure at any point on the bottom perimeter 
“ U&i lbs/sq.ft. 
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B) The vertical load imposed on the wall due to frictional force of 
Paddy. 


Resumptions 

. - a. 

Grain to bin wall ereotion coefficient = 50° 


b. 

The structure is filled to full capacity 

Applying equation 

E v 

- L tan / 

Where 

P v 

- Vertical wall load/unit of perimeter 


L 

= lateral pressure on the wall 


i 

(Force/unit area) 

- Grain to bin wall friction coefficient 

The vertical load 

at any 

point on the center peri-meteri 

The vertical load 

at any 

- 42.79 lbs/sq.ft 

point on.the bottom perimeter: 

Load imposed on the floor 

- 8^-42 lbs/sq.ft. 

Assumption 

- a. 

Structure filled to full capacity 


tu 

Specific wftiiW.*- rvuiihr - IWr/cu.. ft 

A»uLvin« Ben*a-fc±o» 
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■ Wh 

Where 

V 

“ ’ (fq-r.at'Ofi.l 


w 

- Specific weight of -paddy, , 


h 

a depth of grain. 

The load per unit 

area on 

the floor : 


- 266.4 lb /sq.ft. 

5. Coat of Storage : 

Given below is the cost analysis for storage of 1 ton of paddy for one 
year in a "Biss* 0 . 

a) Fixed costs 

(i) Costruction(page 9 ) 

Material cost - 535/5 = Rs.107/- 

Labour cost - 178.76/5 = Re. 35-75 

(it) Depreciation (life span of the structure- 

20 years) - 107.00/20- Rs. 5.35 

(iii) Total fixed cost/+on/annum - Rs.148,10 


b) Variable costs: 
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(i) Maintenance cost (page 15) , » 25.80/5 

(ii) Cost of loading (page 10) 

(iii) Unloading cost (page 10) 

(iv) Ototal variable cost/ton/annum 


= Rs. 5.16 

- Rs. 3.20 

» Rs. 7.64 

- Rb. 16.00 


Cost of storage/ton of paddy/annum 


■ Rs. I 64 .OO 


(OH Rs. 3.28 per bushel). 


As mentioned earlier (page 9) above cost analysis is subjected to wide 
variations with the availability mad price payed for labour and material 
inputs 


6 . Storage of other grains : 

Apart from storage of paddy, some farmers use this structure for 
storage of the cereal, "Kurakkan ,, . According to them this grain stores 
equally well as paddy. 


7. Variations of the structure : 

Given below are scane variations of the structure, from the common type, 
found in Sri Ianka. 

(i) • Stone postB are used instead of wooden posts to raise the 
structure. These may be more durable than timber which is 
suseptible to'decay and termite damage. But in some areas, it 
may be difficult to obtain stone posts of the required dimensions. 

(ii) The wall is constructed by weaving closely a kind of jungle 

creeper called "Alukada Wal" of diameter and plastering the 
inside of the wall only with a thin layer of cowdung, or inside 
with cowdung and outside upto half the height of the wall with 
clay. 

With the clearing of the old jungles it is now difficult to 
obtain these creeper-. Therefore this type of structure is not 
built anymore. According to farmers these creepers resist 
• termite attack, decay and last for over 50 years. 

.J(iii) Hoof is oovered with cadjan instead of straw. In areas where 
oajan is freely available (e.g. coconut triangle of Sri Lanka) 
this could be adapted because oajan is equally good as straw, 
if not better, against weather factors 



- 08 )- 


(iv) Instead of aking the roof circular, it is constructed as shown 
in Fig. 9 . Advantages of a roof of this shape may be : 

a. Loading an unloading ie done through the space between roof 
and the wall, which ie easier than having to lift the roof. 

b. To a oertain extent there is aeration of the grain because 
fresh air circulates on the surface of the grain mass* 

„ Frequent inspection of the grain becomes easy. 

The disadvantages which may arise are ; 

a, The grain is more exposed to rats, birds, insects, which bring 
about damage to the grain. 

b* Hie grain is more exposed to the environmental temperature and 
humidity olianges. ^ 

c. Jnall droplets of water carried by wind during heavy rains may 
wet the grain. 

d. Stealing of paddy from the structure becomes easy. 

(v) Instead of lifting the whole roof for loading and unloading 

operations, a section of the roof whioh is on hinges is lifted, 
creating a space enough for a man to fet in easily through which 
Is put in or taker, out. Fig* 10 gJ-veb tne wouaeu rrame work 
of this kind of roof. Comparing with the common type this has 
the -Pol Inwtne- advantages ; 

a. Loading and unloading operations could be performed easily 
and oonviniently. 

b. lib displacement of the roof causing damage to the roof 
structure will occur during this operation 

c. Time consumed for loading and unloading operations will be 
reduced. 

(vi) Fig. IT shows a Bissa in Afrioa. Ho information'could be 

obtained regarding it’s construction, operation and performance. 
Probably loading is done through the opening found on upper , 
part of the wall. One disadvange of having an opening of this 
nature is that, unless strict security measures are taken paddy 
could be pilfered. 
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IMPROVEMEMTS qUGGEqTED 


1) Construction s— If timber is costly and difficult to obtain, it 

may be possible to construct a solid brick floor rising from the ground 
instead of the wooden platform. If so, cement will have to be used 
as the binding meterial for bricks in order to resist damage by direct 
rains hitting the floor area. Drains may have to be cut around the 
structure +o prevent run off water coming in contact with the floor and 
there by damaging it. Also a sheet of polythene will have to be 
aandwitchod in the floor structure in order to prevent the floor getting 
moist due to seepage water from the ground. But with a floor of this 
nature,- following problems may arise a) making the structure rodent 
proof and termite proof will be more difficult than in a structure which 
is raised on piilers, b) obtaining polythene (sheet, cement etc., will 
be difficult at farm level. Further studies will have to be carried 
out to overcome these problems. 

Biere is also a possibility of making a cylindrical vail using bricks 
instead of the wooden frame structure, if timber is a scarce and expensive 
item. For this a solid brick floor will be needed. Further studies 
will have to be carried out in order to determine the strength of the 
structure and cost benifits. 

2) Loading and Unloading Lifting the roof, to perform these operations 
is one of the major defects of the sturcture. This could be overcome by 
constructing a roof, where a section of it only could be lifted and 
tinloading cttuld be done Fig. 10. The design and operation is very easy 
apd material for construction is available at farm level. This lias 
been discussed in. detail, earl^r .(Page 18 Another possibility is 

to have a small opening (diameter 1 ft) uid a chute with a sliding door 
made out of met-l constructed in the lower part of the wall, through 
which paddy could be taken out. But to construct this, obtaining metal 
sheet and welding material will be difficult, at farm level and also 
the technical know how is not available at farm level. Further more, 
upless it is built strong incuring a high expenditure, any person can 
break open the door and steel the paddy. 
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3) Performance 

a) A major limitation of the structure is that, it has no aeration . 

' facilities. Therefore the paddy stored in have to be well dried 

if deterioration has to be prevented. Further studies have to 
be carried out to design a cheap aeration device using locally 
available material, 

b) The structure is prone to termite attack. This could be avoided 
by p ai n ting the posits rieing from the ground with "ihTQi B" or 
any other chemical used to control termites. In addition, by 
adding common salt round the post3 and by regular observation to 
break any termite paths, this problem could be completely overcome, 

c) The paths which rodents can take, to enter the structure from 
the top, are along the 4 vertical supporting posts of the wall 

and the 4 legs of the structure. % raising the structure 2 - 2%- ft. 
off the ground and fixing rat baffles (raft guards) Figs: 12,13,1 4 
on the 4 legs and the 4 vertical posts 2 ft. above ground will 
make the structure completely rodent proof. 
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COKCLUSION 

In Improving farm level storage, it is always better to 
iraprott* imd popularise the already existing pem*uent 
storage structures, which can be fabricated from material 
easily available at farm level at a low cost and also 
whose design and operation is known by our farmers, than 
introducing « new structure. In this content, the Bissa, 
with slight modifications, is an ideal structure fey farm 
level storage beoau.se of the following reasons. 

1. JEasy to fabricate, material for fahr-i ration <waiiobli 
at farm level. 

2. Design and operational know how is available at farm 
level. 

3. With precautions taken against termite and rodent 
damage, it stores properly dried paddy without any 
significant quality deterioration for & period of 
over six months (which is the normal period required 
by our farmers, to store paddy from on* season of 
cultivation to the other). 

4. Strong and durable. If properly maintained lasts 
for over 25 years. 

5. Workable under all conditions. 

6. With slight modification loading and unloading become 
easy. 

Low cost of storage. 


7. 
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FIG. 9. CROSS SECTION OF THE WALL 



















FIG to ROOF FRAMEWORK SHOWING HINGED PORTION 
FOR LOADING AND UNLOADING 













®able 1 - Changes in the quality of Kiddy Vfith storage time in a 5 ton ca £ ^oity "Bissa" 
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Table 2 - Taraparature changes in the grain during storage. 





























Annexure 1 , 


FIELD IMFOHMATIOM MIEST 


1. NAME OF FARMER s 

2. NAME OF VILLAGE : 

3. NAME OF DISTRICT : 

4. TTFE OF STORAGE STRUCTURE : 

5. CAPACITY- : 

6 . CONSTRUCTION 

a. Sfrape of the Structure : 

(Draw sketches) 

b. Date constructed ; 

c. Material used for 
construction of the 

Floor s 

Wall : 

Roof : 

d. From whero were the 

material obtained : 

e. Cost of construction : 

- 7. LOADING & UNLOADING . 

a. Method of loading : 


o. How many persons are requi¬ 
red for the loading operation 


G- »£=4*n paUO-y 

~***&v&~ s .... r * 

d. What are the problems encoun- 

ted in the loading operation: .......... . ...*?• 


e. Method of unloading 


f. How many persons are required 
for the unloading operation : 
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g* IIow often is tho paddy 
unloaded 

h. Problems encounted. in the 
unloading operation 


8 . STORAGE OP PADDY 

a. Wh»t are the treatments 
given to jaddy before 
loading 


b. Ppr how long paddy is 
eundried before loading 

c. Can you store high moisture 
paddy in the structure 






























( 3 ) 


Do you take any precautions to prevent this lose 


h. Do you observe insect activity 
and damage ? s 

If bo how do you over-come 
this problem : 


i. Do you observe rodent activity 
and damage ? : 

If so how do you overcome 
this problem : 


j. Do you observe termite activity 
& damage ? : . 

If so do you overcome this 
problem : < 


k. Dp you observe bird activity 

and damage ? .. . 

If so,how do you overcome 

this problem . 

. i» ies the structure moisture proof during heavy rair.o : 
9. oTORAOIi OP OTHER 3RAINS 

a* Is the structure used to store other grains? . . « • 

b. If so what are the grains stored 


10. STRENGTH & DURABILITY OP TEE STRUCTURE 

a. What is the life open of 

a Bissa ? : . 

b. Bow often do yen have to 
repair the struoture 

c. Nature of the repair : . 

d. dost :••••< 

-0-o-O-O-O-O-O- 


KBFsanu, 

22nd March 1978. 

























